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o ThlS ls:part thre af arthréﬁ part manual faz }5
. aTS usinq HéG ]unicr hiqh school text '‘materials, Eéch chapter
ﬁentains an introduction.and a‘'collection of sample tést questlans._;gf
‘Each section contains - a ﬂlEEuss;Gn relatdd te the topic.at:hand and
T answers to all the: exifs;ses_ Chapter.-topics 1&310@%‘*(1) nanimetric \
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1"Pyramids

.Volumes:. o:

‘Ganes,-;‘
Sample Questiaﬂé

.‘_ = : ) s
THE SEHERE / iq'
: 12— 1. :Intr'dgctian

belume and Areé Qf 8 pherical Sgll
Finding Lengths ofSmall- Circlesfr.
j Sample Questians.— aptef l' Tt
”General Reﬁarkg_ S
Greaﬁest ssidble. Error' e e
fPrecisiQn and Significanﬁ Digits o
- Relatilve rror, Accuracy gnd £ercentV
- of Error. Rl
Adding- and- Subtr ctingmMeasufeé
:Multiplying and Difiding Measures.
~Samp%iJQuestians for Chapter 13
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reméasignﬁi fcri :
ast 'iSk ( ‘) Itéms sﬁarred n this manner. shculd be used or

8 a means af adjusting the appraximaté time schedule.‘L;“g
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'een{tﬁied in a numhef of eighth grade c;agggé w1cn
Fg ffﬁ

*;ri ngvsuccess. There are a numbér of - feasans fDP 1na
Jin the Elghth grade curriculum.; Am@ng these afe .

i
17

"H"dglgp *spatia; 1ntuiticn and uﬁdérst' ding;?:

; _:j emphasizes in another gontext the rale of’mathe“at,,;5?
”~}p5reducing things to theif §implest elements ' ‘

:{ﬂf:Iﬁfafords other ways cf 1delng at ODjEEtSain the woer
““f%”abaut us and raises fundamEﬁtai questians Q@Qut them\ ‘”;“v;;;

:flt illustrates types of . mathematlcal (gegmetrlc) reason_ o
"ing and approaches £ prcblems - ;=- S ‘

R = S S

It gives an interesting insight intc the meanlng of B

";-d%mensian L L ﬁ* : . , _'s, o
. <5 e e - . ) NP

‘7f% The general*purposes of: this Chapter are similar to thase fcr

£ Chapter 4 of. Vclume I. It iﬁ suggested thgp teachers read ‘Bhe - ;;ifig
eginning of the Ccmmentary fcr Teachers of . tﬂat chapﬁeri5i,‘ ¥? i
e In this Gnapter there . is, mpre. emphaslg on the use . af models iJ Sl
in understagging SPatial geomeﬁry There is ccrrespandln%%y }gss 'f _UH
This, Chepter is more gecme%ry thanf ?F;”;‘
and unions '

B ‘emphasis on sets as such.
| sets H@Wevgr,iﬁhe tepm;nolagy @f“eets, lntersegtians,

v”id thrpﬁghaut tﬂis Chapter : The Etudents should already have'ﬁ
%g:_same familiartyfwith ‘these ideas A quigk run over o8 the ideas.v~
)"liﬁf<ChapterﬁA#Q£ Valuﬂe_I would be. usefql as’ backgroun& fo: mast Eg‘j' ‘*”
;_1{fstudents, Haweven, if sets, iﬂterSECtionSQ uﬁlcns, and Scma geo=

'¥Tmetrical terms. Ganrbe explained as you go alongg this materi v

‘shauld.%e teachable—w1thout mugh specifig background on the‘part

- - . - s B . O, S T S S

"faf students S ,',~'=‘ A Vi »




“Materials:® %'ﬁ‘lﬁch)ng sub,j‘ac:t matt;er like this“*%g Jun r -
~higk SChDQl Etudenps, mggela are Df cgnsiderable use.; Familiarity~hjﬂ
‘and facility witﬂ mcdels shguld incréase teaching effe ' : 5 -
| we ' The studen%s shguld be en— U
. cél§§§Ed te use cardboard or cak tag for their modéis of tetrah3=;m
'drans and cubesi They will pe. asﬁéd ta draw on the surfaces Df A
thése 1ater. It*is suggested that each student c@ntribute one  ~%;*““
m@del BF a regular ﬁetgahedran and one af a\cube fd?%l ter class
»At Ehey will be rneeded 1atef in thg,study of polyhedrcna. Each;A
T student shoulg keep a model of. d cybe’ and_a model of a. tétrahedrcng;;m
;!,5 ; at! éme for. use in hcmewafk 1o, this Commentary fcr Section 40~ v A
o ~and’ 10 7 there are %everal suggesticns for making models fram ;AQ
“Blocks' cf’wcod The bcys in the class should be. enceuraged t@

E “*make these,"_ - o SRR S Ta' S ﬁ,- TR ‘;.Aj¥<r
D \ B

‘ixfT{he 'The materiél of ﬁhis unit is Peecmmended far study for-

;i ar pericd of about -two- weeksiAjlf ala§$ interest is high Asqmg extra - |
g tﬁme could prcfitably be used. niﬂﬁ o - Sl A . f72iﬁ
o A Word of Warning. Inkpreparing themselves on this material ' L

8 teachers ‘should not exgect to master it at one reading. _T,”mi-f i;»‘7

:: *;,fﬁclcgy”aﬁd ‘points- “of" view" ‘can be aagimilated graduallyjfﬂ” =
Yo take the attitude of” exploring the peterial tcgether wiﬁh the _épg o
: students¢ ﬁ”ﬂp” R T SRR

- p B i h —.—V - V— = - = -.T—._»w—...”—.—.i“,«,._. — - ; =, o - P - - —_— g
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A fédges of (EQRS) ;—:_e (PQ); (PR}, (BS),:(QR), (Q8), .and. (RS).
TThe faces af (PQRs) e "(PQR);_(TQS)e “(QRS). -

(PRS), . ‘and_

Answers tc Exerc1ses 1Q=i R S L

(C@nstructian) [5 .

.

1

E (Cénstruction)
3 :The measure of the new angle DAC must nbt be more than

, *Eﬁhe sum “of” the meaﬁ’res of angles EAC aﬁd EAD nar 1ess~mx
4 ‘than their diRferfnces. Otherwise, it woh't f£it. ('l‘his

could be tried/in class.) SRR TR S

1 ‘-s‘ . F

,10 2 Simplexes B _\”
_ | ln Chapter 4 we regarded pcints, lines, and planes as!aur\‘
' "building blacks“ Here (withisome prior notion of 1ines~ahd B
: planes) we will use: pointsg segment53 triaﬁéﬁiéglreéiaﬁé;'and":
Wwﬂ&ﬂﬁﬁsblid‘tetzah%drans as DuP, building- locks vl =
_ The discussian ‘about “taking psints between“ﬁénd "diﬁénsioﬁd T
pr@bably will need to- be read more: than once by pupils After one
' gets the" general idea, the material is qulte readableié A class:wn i‘ 
discussiam of” the Tdea prior tg ‘the~ reading Df“thémtéxt bymthewm;hmw_ﬁﬁ;

am“r\~rpup1}srma D& -- aﬁg@ad,idea Tﬁﬁhﬁ_wwm,i?;'




. -;,(*?3_)___ 3 j o o

aifigures f@r eah' of*these

d'ﬂ PPleémS, as:

! ;Thé vertices of a 2- sima
‘_4p1exes are blue._
~ The edges will be red

* Né.; Just two.

'1~Tﬁe yertices of the mgzgl
“are blue, = |
' iﬁé‘édges will be red.
Thé faces: will.be. green.
Theisalid tetrahéﬂrcn l}
N@te* When we say "color pcints

The. better st”ﬁgnts might be enccuraged to ﬁfawf,*

' The interior will b%{é?een. o

. §
' §J::1iS 'color the rePresentations of the painﬁs on the paper or

':‘; madeﬂ"

? . P - £
I3
S — |

- .

e

what we mean, of éburse;
- f‘! . B
— ,
f . f
e .- ; .




o pe: two of “fne 12 ir qnelgj |
“tfaae is 1abeled as Oﬁ theaﬁ7ﬂﬂ-'

24 ?2 simplexes ”:“{‘;; L

. *. " Yes, you can make the !

i, ..comparison. ‘The top 4
vertices of the six
ST fpyraﬁids waulé éorresﬁeﬂd,"
el bo the. six Dain$s in the o m

 !‘:{'i_= ; middle of the faces of the cube. |

10-4% Polyhedrons - » L _

'7 iﬁ~cléss it would be. g@cd idea tD hcld or- fasten models @f -
L tetrahedréns tagether to 4dndicate- variaus 3 dimensicnal pglyhedranﬁ’
;lm”i';Alsa, blocks of WDDd with some. aarners and édges sawed fo (aﬁﬂ‘rég
'maybé with a wedge -shaped piece removed) are gaod mcdelsiaf A

¥ g

H F
.

3 dimensionai polyhedrans. S R T N -.'a. s   ,;‘“'
feo 7 "Models of: tetrahedrons shauld be pe;d tagetherxtb indlcate_ L
',* '_lhgw the intersection of twg could be exactly an edge of* one*. but L '7¥;§
'f;npt an edge Gf‘the other,m (They wmuld ‘not intersect “nicely ")L": EI

- .
& s
a
¥ '
=
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. fons fossible arfswer)

2

segnenta (30), (02), ena-13).

-2

* e

" Dyaw theé

s . [ = :
&7 .

;S;;;;(af)_ Qfaw5eglner‘lt$ A:(ED);%I_! EUE AT S, B :
L ¢t (DE), (FH), and. . "% T e

1

e
[
[

_edther (BF) _or (HD).
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B : . . o . L B . : . N

. 3@5 P IR

30 " pages liob, H06-EGST
| (pn, (rvm), (xea), (@) (v20), (2am), (x2S, ana
20 (eR2). S o
(b)) (FPQR); (Fxvz), (FXPQ), (FXYQ), (FYZR), (FzZaR), - (FXZP)
. .and TFPRZ). - .

) (@yz), (rx2Q) and (REQZ) RS

lD 5 ' OnepDimensignal EDlyhédfung . . . -
‘x,
The pupil% may enjoy drdwing all sorts of Simple closed LA

p@lygana ‘ Same should be in a-plane. But they alsE should be
—ﬂr—m—e%%suraged t@ do _some on surfaces of cubes, tetrahgd;ansgrwgaden
7 blocks, etc. ) : R

—

Answers to Questions in Text in 10-5 - R

=]

Other polyganal paths from ‘P to S are PRS, PRQS, PQS, EQRS.
ffff” Five in-all. ~Other simple closed galyggns cantaigiﬁg* BE and. GA

Ed

I
[
l

.are:

BEDFGAB =~
. BEDCHFGAB ’ T ¥
. ' BEGAHCB
BEGAHFDCB : : ¢
BEDFGAHCB

%

e R 1. 2%paths from”™ A to b. _
L 3 simple closed polygons. ‘ : .
2. fa) 7 o

¢ N - 2

(b) PQsP, PRSP, PQRP, QRSQ, PQRSP; PRSP, HRSQP. i

(é)’_EQRSP (We are naming the vertices in order returning
' to a starting point.) ’

-




‘.A N = La; * ‘x
7 . 306 R 0.6
. T e "4 A y
3. PABCDEFQ, PCBAFEDQs PEDCBARQ (there age others) ,  odm
P S g o » okt ot ~
c‘: . = ‘a 4: ’ -';, + ' e ‘sgﬁ'ﬁfr ' N
égz - or such., « .. :-°
5. There are méﬁy ways of doing 1it. * '
EY - : .
ioﬁé-vacapiménsigﬁaifE@lﬁhedrgns - ) L ; Es;z

~ This section glves a good opportunity to draw 'a lot of
2- ~dimensional si!plexes and polyhedrons and to illustrate again
sets’ Gf 2-simplexes which dntersect nicely. ,
nge drawing and illustrations should be in the plane and -
- some should be on surfaces or 3-dimensional polyhedrons. . -

\’9 4 ' o ;‘-’ .- oy C

' A

lAnswers tc Questians in Iext 10-6 LT

¥

Students are asked 1f they sete a relati@nship among the faces,e
.edges, and végtices @f certain pclyhedrens It wauldx{;ﬂdifficufé
to discover the Euler relationship- from just three cases. The
relatianship will be deuelaped in detall in Sectian 10-8.

g ] ) ﬂw‘; 7
AI‘;SWEPS _t‘._ Tabli aud l;g EBxerclses fO 6 t
| 5 .

l'i F E v

A.ﬁggfraﬁedraﬁ 4 6" bt . - | A )
~ Cube 6 12 8.~
Cube (with simpleacs) 12 18 8
. N
LR

PRl




o

S

. No, there won't be four.

The union of the first
three must itsell be a
8-simplex. Yes, a
ﬁetraheﬁraﬁ‘

F o= 2 E - 36

6 sets of 4-simplexes each. \ .
_ 12 original edges, and 6

El

Y

%,

" and mémxéother passibilities. <f;-

w

and many other possiBilities. T

‘sets of % new edges each.

%%%{



| page glg SR 308 I

TE%E\E%p bé d@ne in many.

:\f’z. _ ways. We have first sub-
Lo ‘divided it along ,AB into
f-'g::* twd' figures like the sec-
Qnd in, the text of ihi\S\

3 s
Lo sgetibﬂ
e i
Tor ig
:1@ -7 Three D;mensional Polyhedrons » , ; )

_ Tn this sectlon and the next Sectian there %re many fine =
'oppartunitles to use the models' which the pupils have pre ared
"It 1s suggested that the class be divided into *hree or éfr o
~  parts and that each part take several models of regular 3" tetra-
| hédfa and fasten them t@gether (with cellulose tape or paste) to
prcduce some rather peculiar looking 3-dimensional polyhedr@ns.
They can also fasten models o cubes together to produce odd

our

looking polyhedrons.
There is a good oppurtunlty here to. encourage some of the- b@ys

77.;%: '_
3-dimensional polyhedrons out of Bh

in the class to make models of
- blocks of wood. Start with a vlock of wood and saw corners or
1£3ges off of. it .and possibly uutghEb out of it, The SﬁffaangGu
get will be a simple surface as 1@ng as no holes are pﬁnched” -
through 'the solid. You could not punch holes thprough ﬁith an. i;
?rdinary saw. Be sure that tne surface is made up gniy of flat- i

portions. A surface like tnhis could be covered with paper and
then colored or drawn on. It could then be re-covered with paper’
T e !
- B b s
; A i 1{3 -‘ﬁg




“'1sepafaté the surface ‘into Jugt two pieces.  Also the mcdels can

S, . : B . )
T . o ' : ,! f

.  fcr farther use Tt is 1nteresting that no- natter wa the- lecL
- is. cut e (W1théut holes) every almple ¢losed polygon on it wil{ v

~ .used: for examples of the Euler Formula”in the next sectiéj. The’ -
. facess %dgesg and verticeg can be comnted ratuer eaglly ’ébjeét§'~'

‘vllke th;s ‘\5 AR
; ‘Make a mddel of 2 "square doughnit'oub of 8 gubes‘ag'sﬁggeatédfﬁ

in tne-text. The aurface will not be simple,.
e !\

’ B o o ‘ o ; : | - o Z;;

- Answers to Exercises 10-7

¥

e S

~&m5§§ﬂl121.wcénstructions. ~ ) . ) .

3. Three:

4

i w




IR AR . - "- . }7’.” f A . A . . “ N i R . =
o e e i e L - z P 4
4 AR L . o .s R T

v 0’50 .(a) 'Five of the many possibilities are as follows:

:;&§5f‘:115!x£kij'ﬁ o, I‘al.(g) . A
Ei:ﬁ;',’fJ; T 'i:f s ( A N 2, ‘ 5 g;*gf | "

lnltersectlions:

A and B A and C B and C A

" 1) face 0 tace

. 2) . face edg face
~3) . face 2 edye
A%? face ﬁ%g vertox
5) vertézg ) g vertex
“ﬁ reéresents the cuply wct. \\

C @ , ; ,
(b) No X .

(¢) Yes. | _ : %




S 'Y

o The intaraaatiorl of cube # 7 with Q_ube#g is a face ;o .
e e ""'-anc} the antaraaatagpn of cuba#( w:_th cuba# 1. is. arl adga __
) Thus he figure i® not a . ‘'simple surface., v

- ﬂ -

e A - .
10- 8 Cpunting_Vartlaaag Edges, and Faces--The Eular Formala

Uaa models of. tatrahadrana and 3Lbaa in axplaining tha matar_ii ’~;"
“of this' section to’the ‘¢Vas S Sl e — -

The'’ caunting of faaaa, e a33 and vartiaaa on any simple sur-

face ahouldpba interesting and #fiformative for tha puplls Use; 5:}' .
madala made of wood for some Sf,tha examples. o - ;;41,?;

~_ Use the model of the "square daughnut"of the 1aap aactian tc.;l '
h 1p pupils‘count faces on this type of surface. ‘f
'~ The teacher: ahauld assign particular probiama on céunt*ng f
faaaa, adgaa, and vertices =as appropriate for. the partlpular claaa. '}
. .The taachar should subdivide tha surface of a model of a cupe - ':
in an 1rragq1ar way and caunt facaag varticaa, anﬂ edges as inal— ﬂ
catad in the text. o a ;
 Ansuers .to Exeroises 10-8 S T

1. The count 15 .12 faces, 18 gégaa, and 8 ‘vertices. = e
, -Tr{a 2- aimpla}zaa of the subdivision of the tetrahédron can -
,ba aprraappndad ta the faces pf éﬁa solid which is the. -"
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L - ,UMEﬁ’AND SURFACE AREAS . " Ty

33~4£3 _J&h_zz,jéﬂx \ , . _ , BAREN
Genegal Remarks N =
, Thé develameﬂt of the main,partians af this chapteﬁ is, along ‘F§: f

- Empirical and intuitive lines. We have made generous pravisians _?ﬂ
far dlscavery activities. The entire chapter 1s built around the--

: . canstruttign and ffequent use of the various m@dels the pupils -

- . are to study ) s . ‘:

fqum$;mmAt the. end of this chapter you will find diagrams for GOﬂStfuct—

ing. m@ﬁels of the geametrlc solids we will consider. We Suggest ;
- you use the: f@llowing steps tc be taken in the coﬂstruction cf the :
J models: . ‘ .
Q, :(a) Place a sheet of stiff paper such as cak tag petind the
diagfam in” the text. 3 o ' T :
- (b) ‘With a cgmgasg'pciﬁt or pin point perforaté’theitexi PAEE T i
4t all the vertices. SR
. - . I/
(c) Remove the stiff paper and join the holes by using a
sharp penCll and a straight edge so that your diagram resembles .
‘that of the text. _ = ,
“(di With a paip of scissors cut along the boundary limes of -
the figure or the stiff paper. S ’
S (e) Fold your cut-out along the inner-edges of your solid.
R - ) ¥ ) . ’?I:Q‘!F . IS
(f) Use glue to paste the tabs gn the inner edges of your
“solid. : ' S - -
(g) Seal each such eﬂgeﬂby using tape, since some models are . -
" to be used as containers '
. (n) Take g@ad care of your models since they are to pd”us
ffequenﬁly -
'3 = o p ;/“ . i
o . <2 ’ o




We euggeeﬁ thet yeu heke some time in class helping the E%piiefﬁ

f;’eei'truet the giret models. Be sure that they construct ﬁne;r e ) :
N Y4

’;amodele eerefully . You will notice that in somé cases a base' is noﬁ * 3
“sealed einee eueh medele Will be ‘used as centeinere psit~1e conven« ,'gfqg
'il‘ient at’ times to attach this base temporarily also. _ A S

- We have eeeumed that your pupd,ls are eemewhet femiller wi%h,fher esi{
'fellowing geometric terms: pelnt 1ime, line eegmenr, rey, perellel* “75}
linee, intersecting lines, perpendicular lines, englee, meeeure of .o
-* an, eng}e§ triangle, altitude eﬁd base of a triangle, base and alti- — ' -
‘tude. of a parallelogran, eguereg reguler pol¥gor’, hexagen, perimeter :
e@ a pplygen, eireumfereﬂee of a circle, Pythegoreeﬁ preperty, con-
gruentﬁtrienglee, eurﬁece ereee and volumes. : .-
- You might perhepe .take an inventory to see wﬁE?her'or not this’
is-true. If preliminary work needs to be done we recommend Chapters - y
7,8, 10, and 11 of SMSG '60 - '61 text for Junior High Sthool |
Mathematics, Volume I. Tﬁe subject of measurement 1s extensively _
- developed in Chapters 7 and 8. The subject of perellele baraliel- -

oo

ﬁiJWW“

zzogrameg triangles, end right prisms it covered in Chapter 10, and
circles -and cylinders in Chapter 11. - e
If the pupils already knew a good deal ebeut‘ereee of plane . 0
figuree -and volumee of rignt prieme respectively, Sectlens one
end three eeuld serve as a brief review of the main ideas.
If on-the other hend your pupils have had’'little or no prepera= _
tion.. fqr eree and volume, See lons one and three should definitely fsﬁg\;
_ be eupglemented In these settilons we have done more reviewlng
? than developing since we were not ntroducing the ideas of area {{
enﬂ velume for the first time.. Cﬁiptere 7, 8, 10 and 11 of SMSG é )
'50_— 161 Junlor High School Mathematics, Volume I, téxt should B
most: certainly be eoneulted\%n expanding upon the brlef treatment
in SePtions 1 and 3 of this unit.
: Encourage your pupils to estimate areas and volumes ﬁrier.to ;
veeieu;atiene and experiments. We feel that these activities will )
help them to appreciate more the ideas of area and volume than S

U : - -
- e e B N T,

-




i g oy . -

R S ;.a;gAf;hbghff??f?§§? e o
o ; L \ L3317 v pages 424-426 o
’ ;a . y - : . ‘ 2

“the Pesults qbtalned Qy calculatlone alone. It will be necessary
farxyau t@ supply $ucn pfoblémg, as-they have not been included
f/ impthe text. - _ ' .
* gThe a@tiVltiES of fi ding volumes by fitting iﬁch cubes. which'y'
-pupils have cchstructed and of pouring Eaﬂd and salt lQ?D the
intefi@rs of the various prisms should nelp them to understand

w ¥

I Qhé‘ldéaé ;ivelgped in ghapter 10. We Suggest you take advantage
‘gf‘these'i'Qas Wheneveégihey will help you to.charify and unify
the basic Ldeas presen%ed in this Chapter. . , _
“IMhe “dimerisions were given for the various patterns for your w;iMJ—ﬁ;
convenience. '

It 1s suggested tbat 13 days be all@wed for this Chapter

AAﬁ§W§fé,£2 Revied Exgrcises ll-la
« 1. U48 sq. in. ' j T AYn;f%;
) 2. 3% si. r'e. 7 / ( N
3. 169 sq. in -
o 4 1E%f5q L
’ 5 240 sg. 1n ™~ ;
6 BEi' 8q. cm ‘ ‘fi
7 23.92 sq. ft
8 65.1 sq. cu.
9. 703 sq. ft. .
10. Approx. 64 sy in N i »
A2 11. (a) 10 sq. 1. (i) v sq. in. . ;
12. 20 sq. in. |

e




pages 428, 430, 431- K32 - . 318 . o 11-1

Answers ta Eierc;vgs 11 1D -

Answers

. 5?6‘ -SCI;.’-: Il | : o Co .
C2UT sq. em. !; Sg : R s
© Approx. 61 sq. ft. ' '

:75 sq.dn.: j’ .

'Apﬁréx. 12 sq. £ft. . - L e
;_ y ) B . wik [ . ) i,l R
URET T U (, s

S(a) 51, 456 sq. ft. : : ; J i s

. (b) $ 15, Uk, 00

-
‘H\ B

ta Exer&igg%,% “le - ; ( . S s

[

.

17,400 sg. ft.*

Mo ~ 7 . A

.-l QBS sq. i£!;

2,750 sq. in: ‘ ; - K

‘Answers to Exercises 11 .1d » ! ) . .

1.

(a) 257 sq. in. (d) 20.25 sq. in. .

(b) . 1007 sq. in. (e) 225 sq. ing

o

(¢} L0OT sq. in. | (£) 1967 sqg'iﬁg

25w, 100w, 4oow. | : o
Doubling the radius quadruples the area. _ L e

(a) BRAINBUSTER. Arrange the 20 congruent triangles as
in the following figure




e o L e - . . . .
LTI e e T AT R e SRR
i e T nmn ¥ e EET e . , - L . : T S

3‘1,9-‘*-—-] 0 pages 32, 436 S

. , o — = \
A;(b)i WE'ﬁGuldﬂsay ﬁhab the area Df the circle is apprﬁ%a
’ 'Lgefafea @f the @ircumacrlbed polygan

es& "than’ the ared’ oﬂ ‘the clnéum— A;;A*f
s-af the palygcn whlc are “not pGlDtE of the civréle. - - o
. ‘Therefore thare is /always some paruicn.@f the interiar,ﬁfffi
”i? N - of the circumperibed polygan whlch is nat,contained e
i © ' * in the interior of the circle. ‘However for larger
‘ - ;valuea of n° the areas’ are ver'y “close and we can’
A think of the area of the interior of the clrcle as )
- +.» the lower 1limit of the area of 1nter10rmgf thé\circum— A

scribed polyg@m , L .‘fir wa“:fw
, Thus: T ; o SRR
' x\ (Area of inscribed polyg@n){(Afea of circle){(Area of-
v o0 circumscribed p@Lngn)i For very 1argevx§1ues of n
o ‘ we can replace (<) by (). o C v s
| Exercises 11-2 | . ~
1. :Listing examples. N
2. ‘E}tamin’éfian Of moedels . 5 . e P :
v 3.- Construction and-cxamlnailon of models. D
Ty, ﬂf 1- d ﬂﬁﬁ cannol be Skew lines since they Iie in the
A ) ,
R ! same plane I r/gi and 4§2 cannot intersect since they
) ;ie inkpargl%ei planes p, and Po- Hence ﬁﬁ 1 »and sfﬁg
an@’ 61‘113‘ béF parallel ta _ . Q
) 5.° (a) A line perpendlciaal Lo a plane 1s perpendicular.to
all lillEa in that plane. C : 7?
(p) The side oppusiLe the fight angle- Gf a right triangle) o
is the. @yp tenugse of the right triangle. e ;
,l;(g)A_The hypotenuse of a rignt trlaﬂgle is the 1Qngest side*l .
. ’ Df a right triangle. : ' '
e . 7 . ) I
1 - e ¢ d 7 - .
. ST
Tk ' . -




p;ndic r ta‘fEi-;  "3

;éincé‘ P is parallel

(d) ﬁé 1s pérp 7 ular to P 7'Sin¢e.“P37
" contain @S, - T

13 — ——mes

Exercises Il,?

-Z;f;(a) Af'CubiQ;inéﬁés S Lo

i

\f(b)t lé-?cﬁb;éfiﬁshé§- ~ _— r'_;;:f:} ” _“f>
"(g)f'A% AcUbic*iﬁéhés;‘, -_1~ §<5*;V "ﬁ
:kgj?_ié- séﬁa?e inches . :\v: | l  ;i;,?:
n(E)é:?é‘-SQHEEEIinéheE | B .
ké);

B . "a

V@lume is 9 'cubic inches. i  "5_ .

v

;**4Tﬁmcgnstruﬂtian.wnSugggca“aréa isf,ESQT_:Séﬁizeﬂiﬁéhééf3

Vbiume is 11 5 cubic inches. B

ERI

Aruitoxt provided by Eic:



,:;nf Model u 15}9 i
e 6f Model 5 1s 6. ir
ase of Model 7 is 6 1
,’*“af-Mceel 8 1e:;f*"

“Por: ";rrght priem; 7 9 éuk s
~: §r right reetenguler priem, 9 - eubic inenee{h?

| Hl_hexegon beeed right priem; le 5
gﬁf*cireuler eylinder .“'

(c)

The interier ef a- 21rele hee the 1ergeet ereelgr

Velume £er Medel 4 9 cubie incheev;?_f.ﬁ. ;
Velume for Medei 6, 9 eubie-incneee .{ﬁg-fw;%erxaﬁ;w
L _ Yee. They ere equel ) ”’:'”- e R
Perimeter of base . of Medel 4 5 1nehes L e ‘
- ' PerimEtér of base of . Medel 6 j inchesrmmpﬁmiQ:;;;iwg;

NQ;{ The perimetere are’ net equel - ,wf

[ I

Exerciee' l eqr

'E Yee.! it ie the perpendicular dietenee between the beeee.?ﬁ

,'3i Ne. Tt ie net the perpendicular dietenee between the?

st

beeee

1%54: 'TED 1erge,*einee the” 1etere1 edge “of- en‘eblique priemeie_
greeter then the height S A .

b3

e sz e s S S

[]{U:iff};

Aruitoxt provided by Eic:



;(b-) (AS)-ﬁ_f (A0 et } P
C(18)% = 12° (SQ) R R
169 - bk = (SQ)2 i L

. (SQ) , i same develapment fer QT

ST se= (sQ) s SIS

A(c) Yés.'f';‘ fj -  :¥ (e) Yés.‘”

 {f(d) ¥Es. '“i‘f" ‘,   (f) Yes. ;m Sh

i L - . R

b‘(b) Latezgl edgés, regular E

1?CQnstructi _';

5

’ 60@ square inché% | :

ERI!

Aruitoxt provided by Eic:



288 OQD cu. ft

halved, then the fcrmula

% X SQ X h becames, *ﬁ”=f

- BRea. .

ERI

Aruitoxt provided by Eic:



ERI!

Aruitoxt provided by Eic:

A fegulaf deca ;n can be separated inté ten c@ngruent

£

triangles. . Rf~~;a-:A‘L-‘ ,- e *jf BT é~f,?

S The bagés @f a triangular right prism can be’ iny right
triangles‘ ;-A o

Ahy two parallél faaes cf
"ccnsidered as the baaes 8f the prism.

M

A3

The 1ength gf the ;ateral édges of an ablique prism is.the
distance between its bases ~ ~j’1;;~;; g~““'q~-‘~';;wf“ff*5

v-vThe Valume af a pyramid varies directly as its height

,F h10 -The velume of a ccne is ane thif& %@i of a cylinder thse
g bases ara congruent to the base of L

2;11 A tetrahedram is always a pyramid,

PR P
w ¥

fF 13 A regular pyramid must be a tetrahedrcﬁ.a- f7_;'

14 Scme pyramids have altitudes which do'. ﬁ@t 1ntersect the A
' clcsed :egign of the base. ~ ' ‘

The slant,height af a right eir@ular cane is‘;
tc Ehe ﬁeight Qf the cgne. Lo e




If the :‘adius of’ a clrcle is dcubled the_area i8
“r-.mu:x_.tiplied by 4 S

is mulﬁipli

_;If”; all Sldes of a pélygc:n have sides :;)f equal measur'e, it--=

i
'

jif.'is called a_ regular’ ﬂﬂj‘fgﬂn- R

-, f:'

©11. In the blan¥ following the name of each.figure write the 5"
Ciw fcrmula used tQ find its ar*ea. . - S o

‘ TF _*(E.) Earallelégr'am ')T‘A'A" il

(b) ;-Rhambus_f A = bh

) Trisngle A=gbBh o Ty

-
e :
1 V) E

(a) girele A = P N N I

e) 'Trapezold A = B

I
; P/%:. i
o2
=, [
I
-+
o
Mo
Mo .

'} Regular pclygén A = %—hp TR

ERI

Aruitoxt provided by Eic:



af Qne plane ﬁa the @ther plane are equal

fffine 15 perpendlcular taﬁene cf two parallel planes,;:“

Jiihé;@gasure cf the edge af a cube is 4 inchés. ;;=,§ 
urfacle area is_ ' §6, _ squareri;ches.;;xir

The farmula f@r the valume of a cube is

A triangulaf r;ght prism has far its. bases righ; ?”7‘7

_"fgthe lEpgths of - whose sides are 6 inchesg 8 1nches and
";lO inches_ The 1ateral edges measure 15 inches :

' )8+ squafe inches.“ T

surfacF area is .

x;Thé V@lume Df the Prism in Efﬂblem 9 is,fifli;w

iféé; iThe radiusiofﬁthe“baséAaf a right ‘civoular cy;inder 15 f'_7;:;f
S 38~¢£egE and its altitude is 35 feet The surface areas{;{u?‘%

SRt 38T square feet

ERI

Aruitoxt provided by Eic:



(c) A prism ‘and a cyliﬁdef.g ’”
o The altitude @f the prism
the cylind ' :

(d) A yramid and a, prism., ’ : T
" The- altitude Df the pyramid }-wwtﬁévaltituaé'
'Qf the pr;%m. { D e T e

(e) A cgne and a pyramid e B e
. The” altitude Df thé cqne §;ftﬁ§ al@if_dé'éfiﬁﬁa'

- F

pyramid

et

(f) A cylinder and a pyramid
The altitude of the cylinder { the altitude

) tne pyTamii L

6 A cone whcsa base radius measures- Sé-cm.=hé%-atsiaﬂﬁehéightf'

ERI

Aruitoxt provided by Eic:
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'étieﬁ
- P‘jﬂiblé- . T quﬂllel quted
ki ‘l‘eachers may ind 1t helpful . Red —

TR ta enegurage ‘some 'pup’ 118 to make
?’:»mc:dels of sphéres, . In Secﬁi@ns -
.} and 4, 1t would be éspecially »
mm-whe‘lpf-ul J:-a -havéﬁa .class.:slze ,_,,wire
madel of the earth using ‘lengths °
[ of Wire: to fepréseﬁt the equa‘b@r, waoden Eqse ‘
pa: j_llels of” 1at1tude, meridiaﬂs, ' ar suppgﬁ

ete. Perhaps a'pupil Who has

X Sz-!der ngfstz




janfing;?royertiés of the spheré whentthese :
] fashian wculd finﬂ it(;speci

S§herical salid._ The spherical salid shauld be largé eneugh f@r ‘
- i erai classragm use ‘and shculd be painted or: ccvereé in such an § ;1

way that the teacher can draw lines on the surface. .’ Such a sphere Zvﬂ%

W1l1 berextremgly U%Eful ln ail seeticng of ‘this chapter.;_;, ‘ :

g Vﬁ%k,v - R
Answers toEExercises ¥1éi1 '“':.Lfn,w- .. ';V:ff f:,;lf';, St
S Basegball; basketbally sgftball billiards, bowling, =~ . "

R ;craquet ﬁgalﬂ 1acrasse, jai lai, sﬁﬁter, tennis, marbles;
i,%rpolé, volleybell, water polo, ping pong; ball and. jacks,-q“
¢ - -handball, tetherba11;¥medicine ball, "gachball, cagebail
' f2@;{?Sthage tanis “For petroleum produéﬁs,aballoons, aE in -
PR l}f jtoys weaﬁhér balicans ‘ﬂther pfgneta, Eatellitesir ,
el il*3;'_ A ‘bobber, or float _maf e spherigal iﬂ shape when-using

- Pﬁd Qﬂﬂ ]1n§ ,,WT;%..‘

fFlaats far nets are sametimes made Gf hallcw,tspherical

; .metal gantainerS-
““fsteel flaats ‘
:;ﬁime,,-i{ )




a)i The set’ Df points is tai interi@r'af_the spher :
{b) The’ set‘?f points is & extericr of the aphere,' i

;ic ideas. It is’expected that mdst pupils»willmm»m
7 question that the inters&eticn af a plane-and

R _ chever,_a proaf fqr this property ls outlinedm
'in Preblem 8 of the exercises. fg; this section. N

The. exercises here are: exploratcry. Not only sheuld they bé

_ff warked cnf'gtside of class, but they Should serve as a basis for”

' gimuch of the 1555 discus%i@nﬁat this time. It wculd be apprgpriate
“T?tc spend WS, ”:perhaps three class days - on this section since . .

thinking ‘about” the surface af a phere will be,gew,tn m@st of. the

- ;%pupils. ‘The timerpent here in ;nfermal cansideratian should*save o

cad

'~1time 1ater on, : : :
B The ideas gfameridian and parallel ef latitude are . touched on”.

Doints is discussed in Sectlon 4




(e) Nai_ A, c anci D :
‘are nat in a 1ine.
“three :such Paints,b
%ﬁg;’cains the grea’s

Q

ERIC

Aruitoxt provided by Eic:




planas' dc nct interse:i;‘

(a) D is 1n the interiar of the 5phere;"‘

(Lx' Nm .
. is, Just‘beyamd KG' cn the liﬁe é

the exﬁeriar of the sphere_ E might
sphere, antipadal to- A.
2

(c) A;line passing ﬁhr@ugh the cenﬁer cf the sphereA$‘ cL7
. iﬁtersects the .sphere in two distinct paints which
re antipedal*' Dne of thesa.is K. lf B is cn ,

40,
i

'*@vm

¥

";.\ .;@C"“and én the spheréﬂit must be paiﬁﬁ Ao
FS%he antipadé of A, . fi\x,__x,;ﬂ ;f-“}f

RN . .
R . . )

N (d) Yés, by definitian af antipodal paiﬂts. fﬁ“_?,
'"fg; (e);




=1

U O L ey S Gpqn X L FCRIE S N SRR -

K R A -

e - : . TR . =
ﬁ -fThé interior of a sphere is the set of all points
"iin space including the center itself, , suéh that

the distance .of each point fr@m the center of ' the
l;:sphere is léss»than»the radius,

.(b) 'The exterior Df*é_gphére is ﬁhe:set of all pcingg..,,l
ih space such that the distance of each pc;nt from
the eenter of the sphere is greater than:ihe radius.rr
. (¢c) A sphere is the set of all points in space such, that

the distance: of each point from the center of the“
sphere is the radius (Qr, equél to the radius).”

£i§,+MQMMM8LMWH(a)W 90°, AC is perpendlcular t@i M. Thus;mzé;Agsﬁggri"m,
* W%f pendlcular to any line. Gﬁ » a o

} ﬁi;é% right angle.

- (e) A right triangle. The union cf three segments de-c,f'
) termined by three points -not in a straight line
deflnes a triangle . Since one of the angles in-
volved is 9@ , ARC d1s a right triangle.

“{d)" Theﬁ are the same. 'Both are Bightlangleg!;fi
(e) A right triangle. | }_?1 oo | o
(£) AP = AR. ¢ 1 |
In A AcP, (BEP)® = (,,,)2 3 (ég)g
In A ACR, (A—R)E ‘C;)
, f;ﬁutr CR TP (Radii”@f the Sphere)
. (EP)? = (R)° )

_(g) The results will be the same for any point of the

1ntersect1®n set. T

(h) All such segments are cangfuent

%%}) (1) Yes. Because each peint of the intersectlon sét is

tt ~th§ samé distance £rém A, thus defining a circle,
’ I V :

S oy L )




”;abéingfdevelaped Afterethis sectlon; the, chief coneern is in the ’_ 
Héaticn of these results. | : |
R The 5hcﬁtest path in a plane betweém two . pcints is along a ,
‘ffstraighﬂ lines and the shcrtest path on .a ‘'sphere between two points
';:is a&gng a great c%rcle.A Hence, the Amportance of great Qir01éS.A
TN 'jNo attempt is made to prove .either of these basic facts..
“1 QA1t augh this pr@perﬁy of a great circle may not. be as obvicus as:
:A_ 'that for. a straight line, some experimentaticn should make it seem' |
’fﬁf“:reag ableferupils*ShGuid ‘be- encauraged to- experiment with- 1éngths -
o - of sf ring and a globe untll- they become canvinced of ﬁhis.g o s
S - . In many other respects, great circles on a sphere behave quite
i gifferently from straight lines on a plane. Any two non- antipodal lf
“-_painta determine a great circle, buf each great clrcle intersects
: “every other great circle in two paints. These are the fuﬁdamf fal
k%%?“?facts proved An this section. ST D
- ~ With these results, the pupils should be able to ‘go back over
the previaus set of exercises with greater understanding. They ‘
’shculd, then, be able to pin down the reasonf§ for some of the re-
- sulks which may have seemed doubtrul, This should be done before
,géinngn to the applications. It might be advisable for the
teaeher to pause brlefly at this point and review the previous

‘ exercises.




tabExercises 12-3

LT R E o ket e

PR o
ity e n, [P 0o NP
O L E - .

& - s *

(a) USinE a glabe With diameter 1g inches, the dis.’

tance is abaut 6 2 1nches.

WNJ

”‘f.(hjajAbcut' 9”5‘ inches anithe*ab@veggiabé; '

}l(G),'Thé great cirele path is shorter.

(a) About 8% inches.

(b)"ﬁbout 12: inches.

(c) (p) is 10nger than (a)

~~The-"pest reute" asked for-here.-would.be. a‘matter of
opinion. There 1s no shortest route in the sense that

‘these two points are antipodes. A safest rauﬁe might be ot

to travel directly north from Singapgre. This r@ute
.offers more possible . crashflanding".places as much of
this route is overland. ’ - ' ‘

ncrth of the other ié a great circle path throu%h the -
North Pole. : :

g <ot Taeie
iy g

. The shortest path betweenEtgdbpéints“ﬁhéfé°dﬁéaié'iﬁé"“**éﬁ

(a) The results in Problem.l. may be used to verify the"

fact that a great circle rdute: is shorter than a

route follawing a small circle. ¥

(b). When traveling between any two pcints on the equa- ‘

tor.

~No. Three points An space determine a plane.iﬁﬁny plaﬂég:w

containing three points on a- sphere intersects the.'

' sphere. Since thé intersection-set of" he plane is not - -

the empty set or a set of one point 1t ) ust be a circle.;'
If the plane passes through the center the- points’ are on o

a great circle of the sphere.- Otherwise they are on a -

Small clrcle. |




i’ﬂ:-:a palar bear begause the camp would have to be
jse' to thd Novth Pole. If the camp Were at the North
he’ wcjld go north from any point to get back ta”‘
A seccnd possiblility might be that he -had his _
| , 0O ‘hours walk north of a small circle whose léngth1'f“
?fﬁWas_ 12 . miles, in which case he would shoot the bear at";£
¢ the! ‘point ‘where he started his eastward. trlp,_ A third ;é
p@s,sibility would be that . the small circle had 1érigth 6.
- milés 80 he would g0 around twice. In fact, the small*v"
o “eircle could be of lehgth 12/n’ miles for ani pcsitiVé]f.'
iﬂté%ér n., Except for the bear, the camp might have §
" Veén in the vicinity of the Sauth Pclé but thére are nc Co

i Similarly, any parallel of latitude may be used as a

g it

. bears in thé Antarctic;

'}1“1234 Lacat;_g Points on the Surface of the Earth séi

_ This secti@n is concérned with settiﬁg up a cccrdiﬁaﬁaESystem

£ ON-8 .sphere,  In order' to have a coordinate. system on a surface, . =
1t is necessary that each pair of cgcrdinates 1@cate a unique point  1
,_and desirable that each point have a unique palr of ccgrdinates.

+ The results of the previous secti@ns show that the usual system af

4:,1cngitude and latitude has these two prgperties except for the

;ri’iNarth and South Poles and points on the 180th meridian.

. * ‘Because the system seems so @bvicus, the use of meridlians and
,  paral1e1s of latitude in locating paints on the earth is generally 1f;
"&_tréated;very casually It 1s all too frequently assumed that be-
cause a pupil can locate points by this EVstem he understands the
vfundamenﬂal properties involved. Or, the e 1s no concern abaut
“+guch undérstandingi This section attempts to bring -out several
impéftant 1deas: - ) o
1. That. such a system uses a reference line for longitude .
and a refdrence line for latitude. Any meridian may o
serve as a zero meridian, or reference line, but the
Greenwich meridian has been deslgnated for this purposei

‘-_ reference 1ine, but @he;equatar has been designated, and hx



;V?f with nbvinus advantages, as the line of 0° latitude.

}}Ef?’~;:{; ; ;rWith understanding only when locations -are known. That
o o ~1s, to gulde something or someone on.earth,'one must
kncw where the stafting point is, o

o L Be Lnngitude and latitude help us 1@cate pninté’n%f%arinus n_:f
hemispheres, but there is a subtle difference in the ,'f:n
nntatian used for longitude and latitude. For 1nngitude E
+ We measure east and west from.the zera meridian (Green-
‘wich Merdian) to the 180° meridian. For 1at1tndé,
we measure north or south of the %quatcr, but stnp at

o “the poles (which may be thought of as the QD paralléla
A » except that they are points, not circles). '
~ " Students interested in astronomy may be encouraged to E
learh more about the Trnpic of Cancer, Arctic Circle, o
* ' ete. It mft be interesting for some students to pre-« -

‘pare reports describing how these lines camg to be desig-
nated, how they received their names, and 80- an. Alsc, E
students inferested 1n geography can extend theirzst@dygi
of antipndé{ poirnts. There might ba some cooperation,

at this pnint wiﬁh the teachers-cf science or sccial

E studies-
\‘ .,%Il k] 5 T \l.', L
~ Ahswers to Exercises 12-A, - ‘ '
4 1. (a) About 74° w. 41° N, (e) About 2° E. 49° N.
“(b) About 88° w, u2° N, (£) About 38° E, 56° W.
(¢) About 122° w, 38° N. (g) About 42° w, 23° s.
(d) About 0°, 51° N. (h) About 144° E, 37° s,
, 2. '»OQ;'Slg N. Greenwich is on the zero méridian,
_____ 3. - 42°'E, 0°, Any point on the equator has a latitude of
S 'zaro. i : B A

e




!3{1) ,Nartharn bnundary of Pennsylvania at 42nd

‘!l (2) Nartharn boundary of South Dakata alaSa tc ;ivfi-

(o)

(a)

(e)

(£)

~in Knraa was fixed at the 38th parallel by the Yalta
,_’and Potsdam conferences., After the Korean Jar the
,tha dividing lina was aat at apprnximatal,,

1:'}:(E)Ti

:alnng parallels of latltuda_} Among these aPa

‘slogan of those in Dfagon tervitory waa."fiftyafaur _

339 Tpage” 5Qh L”’“”‘f‘_’"";

Tha divlding line between U.S. and Soviet Trnnna”

Most of the atataa nava at least partiai bnundariaa :

-garallal

46th parallal

~(3) - -Nebraska - Kensas baundary at- tha 4ch pi allal ______
[(u)‘ Califarnia - Oregon at 42nd parallal o

In l844 the United Stataa claimed frnm Great Brltain

‘tha whole of the Pacific Coast as far ‘as Alaakag

that is, to the §4Q nov’ parallal of latitude and tha

forty or fight" but in the Oregon treaty of 1846 .
the boundary was fixad at the 49th parallal;

- The Missouri Comprnmiaa provided that, except 1n

Missouri, there should be in the Loulslana Purchase .
no slavery north of the 36;9 parallel.

The Mason and Dixon Line was originally the boundary
between Pennsylvania and Maryland which was by '
charter supposed to have been the 40th parallal but’
was in fact a little below that. lha,Lina was even-
tually consldered to be the boundary which aaparatad
"slave states" from "free states".

The complete name for Ecuadbr is "La Republica del |
Ecuador" which iS»Spaniah*?ar "The Republic of the
Equator". '

- i;é;l!
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t 5 (a)

;Buenas Aires, APgEﬁtina

“Pus;

Madrid Spain

: 8w~»~Answers will vary.

’fWellingtDn, New Zealand

Korea

5

"'Buenos Aires is 1®cated on- appraximately the -
'antipcde of Pusan, Korea. ’

&

Wellingtcn and ‘Madrid are 1ccated on pgints which

may- be c@nsidered antlp@des i R : -;' -

These p@ints suggest ant;padeu.

For most of thémcitiésmlacated~in¢wmmmé

the 48 states between Canada and Mexicc, antipodal

w . . points will be located in
‘ Africa and. Australila.

11,

(a)

(v)
(e)

(d)

9. The northernmost tip of Alas
The North Pole..
The State of Hawall,

Guesses.

- Various answers.

Iﬁdian Ocean betwe§n

/

155° 1, 20° N,

Reno -is at about the 120th meridian and .Los Angeles‘f
at the 118th. the meridian of Reno is west .
of that of Los Angeles, i

-Herice,

A 1little west Gf-Quitog‘Eg

Portland is the closest.

The latitude of London 1s 5L9§;g_qﬁaarid 1g7%
Casablanca 1s 33°. Hence, Madrid is cjosest.

oy

A paiﬁt on the Sphefé determines the intersection of
‘Only one point is

ez'? y
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] ;;”Yes; ‘The North Pole and the South Pole. Both the poles
-ii‘fgf have.a latitude of 90°, @ne being south the other narth.!%'
chever, bcth pcies may bé thought of as having an inqv
finite number. of 1ocations with respect to, the zer@

e ’ﬁeridian.. Also eny-point on the 180 meridian would be
?724 1 ‘both 150 W and 18@ E. R

. To find the antipedal locatian Df a paint wlthout using
‘;? a map or globe, observe the follcwing ‘ _ "

';'(l): The latptude w111 be the same except fcr direction. ;_,
. That 1§, for 45° N, the antipode will have 1at1tude -

o /
L= I R ' N N N THmmeE e T "“‘- ST I s e A “_’*__';;‘"*'

R | - . :
, (E)v For 1 ngitude, compute the distance: half way afound

the lopgitude from 18@. The difference is 1abeled

with the direction Qppasite to the .op:
. - tude.' ' For example: to find¥ghe anti} _
. | . for 40” W. 180 - 40 = 140, 4The antipodal meridiar
R S0 is a40° B,

() 100° E, 25° K. - p
(b) 80° W, 65° S
(¢) 0°, u9° .

Note: The answer to 17 (c) is the 1ccation %f
Greenwich, England

i*lEQJ:?hé'Trépic of Cancer is approximately at 23-%9 North,

This angle is the angle of maximum tilt of the earsh!
axls and the Tropic of Cancer marks the -maximum disdanc
north where the sun can appear directly éverhead. Tt
Artic.Circle 1is appraximately the sa%therﬁ border of the
- "{and of the midnight sun", that 1s, where.on June 21st.
the Eun does not set. Actually due to varlous inaccuraa
”'cies and “discrépancieées thHis phen@menon exists” semewhat S
below the Arctic Circle. L '

. : L BRI}
e . L > e G
R : .o o ,5,. : LRV ) Tk

Egiqh,gmwg;J,j"gﬂgig;fﬁfwqhWU"A o f_,?”4§§ ;l¢m4fQ,;;;L” ;Mi;m};W;
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*,?léf_iThe Internat;@nal Date Line coincides with the lSDth -
" 'meridian for about half its length. Elsewhere it only
f?i'ii}' R Qappréxlmates this., .

;?EQ,<'The location of the Antipodes is about 180° W and 51
. 8. When it .1s midnight at Greenwich ‘it is noon at the
_:Antlpodes becalise the islands are Mtwelve haurs around
o ~the earth." When 1t is the middle of gummer in Greenwichﬂ
1 .« 1t is midwinter at the Antipodes because of the ti;t of :
' the earth " No. ) ' ’

‘;“ff%”;EL V@lume and Area of a Spherical Solid  — -:rw o
| g , . - In the beginning, some #ttention is given to a very rough és- -

'tlmate of. the volume of a sphere by comparing 1t with that of the
inacribed and circumscribed cubes. The latter 1s quite simpl but
'the teacher may not want to lay much stress on the former, vTﬂé !
proaf for the formula for the valume of a sphere is given in the -
MA"reference mentlcned at the beginningfof the cammeﬁfary for this R
‘chapter. Tha teacher may want to show this to some bright Student
No attempt 1s made to justify the formula for the surface

area., This could be indicated as follows. The volume:of a pyramid
is one third of the altitude times the area of the base. Henee, if
the sphereﬂrere thought of as camposed\ef pyramids with vertiees at
the center and with bases 1little curved reglons on the sphere, it
‘would seem reasonable that the following would hold*

_ .- 1
- V=% r-A
1‘.'..';?: ) ) 3 . B
" where r7ﬁ;é the radius of the sphere (altitude of the pyramids)
and A is the surface area. Then since V = %-W‘Pj, the formula.
for the area folllows. ey
‘ = e
' i 1
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(£) 12075,

'ZJgn 1j?>w;(d]=“9b§}%_euf em. | (h) 310,46 cu. £t. |

" Answers to (e) » (h)'are given'corpect to two '
’_decimal places. ; ’

"_2;" Answers to the follow;ng are given e@rrect t@ no m@r'
than two decimal pféces. ' ’

(a) 1;3?64 sq. in. (e) 393;88 sq. in.
© o (b) 1786 sq. £t. © - (£) 547.11 sq. ins R
R () 200,96 sq. va. () -»885%% e e
' ' (d) 452.16 sg. cm. (h) géii5é’sq. £, | |

‘5, (a) r 25, surface area = TSﬁé_sq; ft., number of
‘ gallons of paint is 19.625, cost $117.75.

(b) Volume is approximately 65,400 cu. ft., number of,

g, gallons of oil is approximately 491,000 and the
g | value of thz 0il is approximately $63,800.

’ - Lo N o F

4,  Volume of the boyl is 1024 cu. in., the weight of the

e sugar is 32 pounds and mother pays

5. r 1is 9 in., the surface area of one glabe is 1017. 36
sq. in., and the ‘total cost of the plastic is $353. 25

6. 1r =20 ft., the volume of the gas is 33493.33 cu. ft.

e— f .

,‘ ; g,;i‘ 2 SG



(a) 'l‘he vc::lume is multiplied by 8 since |

% (éri)f’ _,’:t ® (820) = 8(5 w 13’)

The surface ‘area 1s multlplied by 4 s,inca
| ! 417‘(21;‘)2‘241? (ur) LL(LHr rg)

. 7.%¢ ' (b) The volume is multiplied by 27 and the surface ~.
cie T : _area, by 9, for slmllar reasons. A

-

S P g 3
8, Cail the radil R, and:r. Then 3= 2o

5

."(a) - The volumes are %'ﬁ’ R

Volume of one spheré
Vlene of other spher'e

“Phe surface areas are 4 o R

3 ) oot W R
_E [
.’_ ﬂ‘.- N

3 5

PO Surface area of one _ y RE
- Surface area of the 4 v fg‘”
e : - other’

- 9. The followlng results were abtainéd by using a regulati@n
" softball and standard half- gali@n, pag%r milk cartcn. Ly

",

_ Carton:™
. ]
| Resg

o zn
W 53%
i -

v L1
~Water level raised = 1%

V%ltmleggs 24.6 cu. 1in,

.
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’-*;i12a5 - Finding ‘Lengths of Smallrcircles-‘

.E,
. -

S i This secticn is not an essgntial aﬂ§§ﬁ?ut
'75;the means @f computing the 1engths Qf gircles ot
~Sectian lzyh

6470 miles. o
'17680 miles .

21650 miles

730825 miles

10 degrees s
10 | ﬂ,;.';§7
T80 "

- (e) _ED (10825 miles) = 600 mlles.

3, . '(a) Distance ~ 3190 miles.

(v) Distance = 4260 miles.




Thé earth makes aneahalf of a revalutianain 12 haurs.,\ .
- We might say that the longitude of the point on thé" .
agrth “directly under" the sun changes by lBD “in. 12

“hours. Hence, the longitude- ‘éhange. is- 15 per hcur,;  )

,;

‘and . ‘the answer% are: ‘ fu.u,;. =’:;

(a) ‘Since the différence 1n lqngitude is . EQD the sun-
. time difference is h h@ursranth the Eun time at s E

_ixi?o w is 3: 00 a.m. - - !'y.}- o : oy
. N \ i . .
" .(b) VSane the difference in langitude is BODI the‘ una',g

.”tlme difference is . %%"haurs, or - 5 haurs and
. = & e e . -~-~¥ S

. .20 minut?si Thua the sunJ%i%e a% 1@ E is 12 ED

pilfl- v s . f‘_- ‘?!;"' f -

5. ‘The longitude change is, 1 80°, ngéh%iséegﬁifglént to 5
" haurs ahd 20 minutes-‘-;x. S S o

e g oLl

(a) The tlme when the SunAis "direetl;fav§§" city E
15 5 haurs and - 20 :minutes Eefﬁr& 7 00 a_mga
that is 1:40 a.m.~

(b)é?ﬁﬁi All pOi/;S haéin% the same lcngitudetw
i . S the same Sm=time_ |

| ﬁ ‘ i !\;‘1; ( 7 ) S%E (b) ’ . ..E}.f ‘ .! : i‘-‘ i . ul o ‘ - _.v"."k -_ o :
.| The length of the erclé of latitude at HO 15 appr‘x;5;j ;
fi~1maﬁely EiDQD(cas 40° ) 5 19150 milas.; 1; * .*Qi ;

_ relative té the earth at this latitude in 24 hcurs-;wi"; =l
‘:;;, Lt Hence, the distance fDr one hour's differencé in guﬁ__,_i-!

co timé will be o L n; '-jf’ e
¢ g 'g, ’ B BDO miles. L )
' =‘j;;,;g A 18 apprcximately 800 ;g@ées east af - E po
g .- i . :-;; ‘ ) . ° = ) v i‘ . - . . .. : ‘i, & ) Aﬁ‘g
i o R . i
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. Sample Questions for Chapter 12 e
- N o T — ;
i - ' i . V!— : e

F;?aﬁﬁ?i. True.- False. - - , izvf‘;

ped by twe great cifcles.

All paimts on & parallel of 1atitude are ﬁhe sameé dis= x

V) tance from the North Pole. R s

The Narth Témpeyate Zone on the earth‘s surface is bound—"f;

£

All pcints on -the zero meridian are the same distance
fr@m the equataf.:- ) B

10.

_" ‘IH .

11.

12,

e

-

Fer a giﬁen sphere, the center af a great circle

T_Sphere 15 the center of the sphere.

All small circles of a given ephere have equal 1engths._

same center._,

o

R i - e . E A . li F -

The diameter of any meridian ls an axis of ‘the Sphere-A*.,”ﬁ

A .
All great E%rclea paSSlﬂg thr@ugh the North ‘Pole must
ug .

pasg thro the Seuth Pale.

The 1ntETSEthGﬂ set of a ;ine and a sphere must cantain
two points, assuming the set 1s not the empty set. ‘

A plane which ;ntersects a spﬁ%re in only one p@int is
said to be tangent to the sphere. g

The radiua of a given aphEPé ig R. If a polnt X 1s
located a distance G from the center of the sphere,
and G > R, then X 4is in the exteriar of the sphere.

"If the radii of two circles ofsa glven apnere are not
equal, then not both the circles are gréat circles og the

| spheré-

F 14,

.

- -

- _
Earallels of ldtitude lie on planes with are parallel to

¥

E wi‘“
.

g

i
&
i

R ;;1;:' IR



famall circle.

If w@u dauble';f'”
surface area;

I acu-dauble the raé;uépéf a sphere you mﬁltipiy.;ﬁéfi=

volume by 8 ):j;.'fﬂ_; iv77=:fa!ff? ,f ﬁ75“.,'757

R

Suppase thé center af cne small circle 13 just as far
qgfrgm the center Qf the sphere ag’ the center of . ancther

fi.l,

ircle.‘ The 1%ngths of the circles must be equal.ffi

ric

Aruitoxt provided by Eic:



ﬁ:1 On1yt‘?. Lo Ldl -
). Only - II and IV Are trua._

”All‘af the stateméﬁtsﬁaré L;ug_fr—é~¥f

,vciume Qf‘a sphére 15‘ 1

4 W PE o

L I'Eh

T
m~3

2

E L r h-

¥?5?ffffli;_wijII_ Theﬁiéngth cf a dihmeter 18 equal to twice the
AR v :length of a radiss, .- R o L

AN 'vIVQQvAll great circles hé%éwgﬁéTsamewlength ~;—;;z r:{i; ;

=mtamems o= =t

ERI

Aruitoxt provided by Eic:



If the radiua Qfma sphere g dcubled the valumef};%}
ariginal sphere 15 multiplied:by: . = .. ’

(a) _twqf_k_é i;;.,if“t”;’:f'?pn‘“ganz';ﬁwf»];fi;;”
: (b) fguri .. . | { L I _
(d)  eight | R
(e) tenr

'»;5;._(ihe vclume Df a sphere whase r;dius _ )
e e

ERI

Aruitoxt provided by Eic:



'3=-4QQO miles
:~§OOD milea
~1Q~Doou.mi1e$“

“25,000 miles

In th nfiguré at the_
right the sphere is- in—f
saribed in a cube whcse;mﬁg
edge has a length of , -
+ 12 inches.;iThe-vclume'

Df tha=sphere is géaﬁest{
(a) 300 cu, in{v |
(b) 500 cu._in.:

(c) 71,ooo cu.%inl.w

in.. i

L

Aruitoxt provided by Eic:

ERIC. . o

58 s

. v
I
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aquare inches

8 uare 1nche

 i#(c)_;4FmH PR SN L A A W
, ,;_'(e) 1@

. A aﬂd B are on twa points Dn,earth such that E ia_7rﬁf
_;~d'rectly ncrﬁh of A. If A and E meve : -
'A*what can be said of their 1:;:51:-ha'3l :_v C )i" s ,:*]1.Qf

f(a) Their paths w111 crass.,p}J

~(b) - Their ‘paths will be on the same 11ne._"
;(a) Their pathg will mave in @ppasite directians. f
'(d)_-Their'gathsAwill not cross,v |

(e) Their pathSJWGuld crossrif continued aféﬁﬁafﬁﬁé;fi

Aruitoxt provided by Eic:



(g)ffNéw:gcrk“city;r="

1;;(é)iaMaa§i¢a. o
wlay mege

l(e) -San- Franeisca .;;;fklf

"15; A fermula for the ﬁatal surfac"
Sdsy the curved surface and th
(a) w I‘E T |
et

R ,,(d)

P The radius Df the ea%th 1s about 4, 000 miles. and the,jﬁf

‘37 radius of the moon is, about, 1,000 milgs. “Wnich af thg |

I‘
T 2

"EM\
=2 'MWHM

-

wﬁvawf-fw
A

,ﬂ\
il
|

“;; ﬂares wiﬁh the area Df tﬁe m@on. .
e (a) ié i1 ‘ _' (c) 8;;_;
e _-ki ” (b) 12 1 %6 T(a) s

Q . o = ‘1,,,:

ERIC. 50 o bl

Aruitoxt provided by Eic:
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ERIC

Aruitoxt provided by Eic:



:;effeet nullify the externel .errors.
;geemplieeted in erigin thet they defyv

o -VQWe have elreedy dieeueeed some ef the - eeneequeneee ef theee errere
%fﬁ**““ﬁnder typee ef”errere abeve,~wDetermin%% werrere«eremenee“thetﬂn
Suen

f:errere eeﬂ be énelyeed aeeeunted for end eerreeeee Inetrumentel
vereere end externel errere eeueed by eﬁ%ngee in tempereture are: ef
"the determinate veriety. '




Far example, ths height af an airplane abave
The height‘““

;dane. In t:his Chapter, .

jfnehes&re‘preae -'tswany ef a--series- ef measurements ﬂrang_‘ng— fra ;

(2% E) inchss\\ to (2% + E') inches. - This meaning should 'be ciis-_;
; tinguishéd from. ﬁhe ‘more. familiar  use. c:f t:he term to mean mistalcesm; i
e 'inuuaing_,the_.measug;ng insi;rument., mistal:eamin_ﬁrgaiing_ﬂthe scaley ..
x or mistakes resulting frcm use Qf a faulty instmunent . such as a

N\ jpcaglﬁf mar-ked fuler;\ -




egerﬂleee ef the unit ef measurement
Q:ewing‘linee ie eemetimeerhelpfulm

'“Unitﬂﬁ'"f , Number ef Uhite . _.Greatest Possibl
Y o - Error: °

0 DDOOS ft.;

3,570 ¢t f R TI T
$0.0357 f 7,x[r-e,éedl;Jt

e

“!TQLE;

5 R N _ e e :

*,w;;;ﬁ';v'_,:zi’,’m”l,'vfr' nts..contaln 'hree eignifieantmjlgureef
' determine the eeeureey, we find the reletive errq;, or pereent ef f?

errer.; In the firet eeee, we~! = - — In the L

eeeend eeee, the retie is :;,J;;4;;;ﬁ;,1'ff“»f;i;;”;;;;;;;ﬁﬂz,jjl

"

”f*uf- Studente elee heVe diffleulty in undere*endinﬁ7Why meeeuremente'
with e 1erger number ef\eignifieent digite heVe greeter eeeureey.
An exemple e;miler tefthet ebeve een be ueed : '




s

7?fanica1 but the arithmetic af Appreximate Camp—
'uﬁaticn can be, fully appreciated i£ andganly it
fithe 1nterpretat e, prccesses ar% predaminant"“‘~
..-Q;iny when a stuﬂent is consciaus of the naﬁ‘i,
' the gata and ean 1nterpret ‘the’ appraximativenﬁss
.f'and thé meaning of the numerical results thained
by, himi"will he’ understand the impcrtance of -
*Appf'oxklate Gamgutation as ‘a }Lmdamental part of

)  app1ied mathematica. a L }3;_ R __':g_*£§ fL,“*5

tfigqngme'ric fuﬂctian to cﬂe more significant digi‘=than the 1%;’5Tﬁ
faprééisef_f*the*appréximate factarsv—WE areﬂattempting.fa minimigﬂrjf
lffthe error. intraduced by the- numbers arislng ‘from calculatian e
:_rathEr than measurementlh; ‘ - R -"Jf

eachers cf

;l *TweiﬁthaXEarbaakmaimthe Naticnal Council of T

Mathematics, Washingtan; D\G.. Natianal Gaﬁngil af

Téaghers cf Mathematica, 193j p. 18,
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Aruitoxt provided by Eic:



?of Mathemat c_:- TH.E GROWEH
rbc:ak)

ERI

Aruitoxt provided by Eic:



E) inchés anﬁ ‘j;g inches

(a) inch Bs .‘ R

(b) LE 1nchas and 1'E inchea..




: f,’;:

7'-’7%.

1°

(a)

(c)
(a)

“(s)

(a)
(2)
(v)

(b).

(o)

% § 20 inches.

Yes, 4

4.0 1ncheE.

(a) 5 2 ‘Teet.
(b) .0, 68 feetig |
Cc) Bath.haya the

e

lgg and 115% years q%@a Loy . e

a. M 100 gedt
T M1 fooy

10 feet
a,*
9.5 fodt
, 5 feet
e :iggtﬁe mos
a
and *
4200 -

£

23,000

" 48,000,000

5@ feet§

ity

is the least precise.

.;»l_,_k_ s ot

pagés 5?4 526-

363

SR W B :g ,g_' .

same precisian. “ ’ "

£ ’ = s = é,.

E] 54

%
D 1 fGDt ¢ a

0. OOQl f@@t
0.1 foot

0.0% foot L . ;,}'
0'60605'f0éﬁ»% »__} |
. 10.05 foot e _

t precise. C

r - have the

=
[

(£) | | o "
(g) ! |
(h) .
(d)

(o)
s

A R N R L~

VR
Y



‘ Ansﬁ*érs _ta ,Ezereises 13-3? _ . | ’ |
. (a) O 5 foot: o (e) 0.005: inches |
_ i;ﬁb)w.o.o5vipchA o (£) U-Oégi-féaf s SR
(@) 0.5 80t *  (h)+5 miles

2. - (a) " 0.0096 . L (&) 0.00071 "
Lo w(p) 0.012 _' "¢ (f) 0.083 -
¢« M () 0019 7 (g)0.0095
-—v—"";—:-‘;-:f~-~—~-~---~-(d) -0, oo14 = - (n) .0; 00@_0 5 e e
S ¢3; (@) 0.05 foot;o. sug% “(c) Effeet ;0. 54%
- (b) 0. oé\i% foot;O0. 54% L&f 500 feet 0. 54%

___}334. . The percents eof E;;*ﬁri are the same fér each measxu‘ement
, In each case, the greatest possible err-or' was the é.ame IR
v fractig@al"%rt of the maasmement

. e 54 (a) 0. 1 foot ® ) (d) 1,000 miles o 7
«#5 () 0.001 foot’ ~ (ey 0.1 foot SR \ﬁﬁ

G:’% \"F;;;f‘; i X - ' @ ) . 7 \n . | ¢ T i
@ ;’3 & (Gz ’ lo fEEt R ) (f) : Dgool inch S H . 22‘{
6. (c) 3 S ey 3 " L. P

i ! 6. ( ¢ ) 3’ 'w(c );«- () & ' i N @, !!':, f”i’

J s " 4 . . -fgsf
F S ) @ u° e

T TR T R Y

o 7 (a) o. @0@96 (e¢) 0.001%4 4 |
£ = - f . 2
FE) 95@00096 7 (d)ﬂ 0.00Q14 % . 5 ;', «S*

vl& ’
8; aYes. Aﬂpe number cﬁ‘ significant digits increases*the
By irelative/ pPror d%creases ) The larger the number of sig-
. # nificant digdts the grea for the accuracy. ¥
.9s T7,812° inches hasgthe greaﬁEst aceuracy.
N ¢ B E‘irfch has the ieast accuiﬁacg %‘* .

S
-
&

-
"
",

2

B S (.
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-,365 ;?; B pagés'529§530 .
(a) §és “inches, EEE inches, Mée inches, }2% inches,
ETEE’ 4inches.

(b) 3 inche%, 82.4 inches, 4.62 inches, 3.041 inches,
A 4 :
' ﬁ 5762 1nchés . ' : .

*11, 6 feet + % foot. =

- inech.

UiP o

,3%‘ inches + j

7 2 miles + O. Qg mile.

‘73 yards 4 1nches + E inch

- 3 2 inches + 0.005 ;ﬁuh | ' %
o “a) ¢ (e) 4 (1) 5 |
o (b) % (r) 2 (3) 2 |
o) s — (&) 5 ¥ g‘(é)' s HA?%
() e ) ()8 *
-13- (a) iﬁéz x 14 () 400 x 107
« (D) 3.27 x 10° () 3.68 x 10°
() k.62 x 107 (h) 8 x 1070
\Eg(d) 3.2004 X 107 (1) " 7.2 x 10%°
(e) 2 x 100 -
. e, 4, 1, ¢, & a £, b,d, h

L0005 _ 5x1@57_gw,
3 § 3.5. 7 % 1@4

:P 15, ERAINEUSEER.
5 x. 100 5 107 1 a
(8-6)(6x1© £y (g)(a 6)(6x10 )

i

- 1,032x100
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If twc fracticns have theé same numerator, then the Qne

_ ’With the larger denominator has the smaliler value, Since, :
--b’y definitian, a measurement with a smaller relative ’

error is the more aceurate, the astrc:nomer macle the moré

accurate measurement, /

Answers tc; Exercises 1:;?74; 4

1.

| (,a') %111(;1*1;

(0). & inen. B S

(c)f 0.055 inch.
(d). 0,15 inch.
(e) 9.0510 inch. I B » .

(a) 731.8 . .
(b) 145.1 | -

(e) 1,798.u5

(a) 1.0

fib) 734
(e) w78

X
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T

" Answers to Exerclses

) 1;':jLargeéf'area = U
.

e Smallest are‘a’

.
R

LAt

N1 3 »

,81“ ’(33
S %

| 'Ebifféréncéfﬁ
- area 1s (3% sa.
(to the nearest
(b)

(e)

3. (a)

(b)

(c)
4. 2.55

N

(a)
(p)
(e)

6.  U46.9

m

in.) or 4 sq. in.‘

sq. in.)

rofi=

11 X 10

3,92 x 10°,
X '_l.Q:J (e ::;;)F\A)u) syuare Iuds.
11 inches

145.6 recl

gAb“LLlGang digits are used here

- because 7%4dls au cract counting number and does not

B
¥

<250

&

f;,(bz

af§agLJ%he nunber of significant digits.

13 feet (0.5(5 x 54)

220 feet (5.27 ~ of)

IAAPIIEN
NN\

" jpu.

o

=

-7

AL

[ ;*
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Aruitoxt provided by Eic:

reily

True - False. )

fif the len th of a 1ine is.measured ta the n ﬁrés,V
| ag fo'the negrast

@'1

thhe-smalleT tﬁe pa?benﬁ iner’

aéﬁuraay Gf fhe meashrement.

et

A measurem
eerP Es a

possible errgﬁ Df the _ . (0,
@eng% is the Kame as the greatest pcaa’b

"




Lz

;‘“"” he mé«% E‘Pément of -a"line seg;ﬁent was stated to be 1-%-

=] ‘il" . .. .

Gheg .ff

',;méasufemepf might be stated as 1%3 + (Tlg) inches,

The greatest' passiti‘le error in a measuremnt 1s always .

: \\ (§) Fef‘_ the unlt ased




- a méasurement of

Misc%ilanegus.

e AR .

5 7<%)

~ inches.

3
:

_inches.

error in the measurement

f a o7

‘Measure ﬁhe length of the line segﬁent KD to the

hearest elghth of an inch. A_ . .. D
H [ . .
Compute the percent of error 1n the measuremEﬁt ' 25

(18) in,

~Ho%w would this campare wilth the péfce&b Gf
o5 miles?

(8.5

1. %= 0,02 = 2 percent

2. (Same)




